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(54) Improvements In or relating to exhaust gas sensor 



(57) In accordance with the present invention, there 
is provided an exhaust gas sensor which comprises an 
oxygen pump cell made of solid electrolyte having an 
oxygen Ion conductivity, an oxygen sensor cell made of 
solid electrolyte having an oxygen ion conductivity and 
disposed In opposition to the pump cell in such a man- 
ner as to define therebetween a detection space, and a 
semiconductor detection element made of oxide semi- 
conductor and disposed in the detection space for 
detecting a predetermined detected sU>stance in the 
exhaust gas introduced to the detection space. The 
concentrati'on of oxygen in the detection space is regu- 
lated so as to be included within a predetermined range 
through control of charge or discharge of oxygen into or 
from the detection space by means of the oxygen pump 
cell on the basis of the concentration of oxygen in the 
exhaust gas, which Is detected by the oxygen sensor 
cell. 
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Description 

BACKGROUND OF THE INVENTION 

1 . nerd of the invention s 

The present invention relates to an exhaust gas 
sensor or analyzer for detecting contaminants in 
exhaust gas, such as hydrocartxjns (HC), cartjon mon- 
oxide (CO), oxides of nitrogen (NOx) and the like. The 
present invention further relates to a method of produc- 
ing such an exhaust gas sensor. Still further, the present 
invention relates to a sensor system using such an 
exhaust gas sensor. 

2. Description of the Related Art 

It is known to use a resistive type sensor as an ana- 
lyzer or sensor for detecting the at>ove described con- 
taminants in exhaust gas. In such a sensor, an oxide 
semiconductor such as a semiconductor made of SnOj 
or the like is used as a detection element for detecting 
the content of contaminants in exhaust gas depending 
upon a variation in resistance of the oxide semiconduc- 
tor in proportion to its absorption of coritaminante. 

The resistive type sensor has such a characteristic 
that the output of the detection element made of oxide 
semiconductor varies depending upon a variation of the 
concentration of oxygen in the exhaust gas. Due to this, 
there is caused a problem in that the output for detection 
of the same concentration of contaminants varies 
depending upon a variation of the concentration of oxy- 
gen in the exhaust gas. Thus, as disclosed in Japanese 
patent provisional publication No. 5-180794, it has been . 
proposed to send oxygen into the exhaust gas by 
means of a pump cell made of solid electrolyte and 
make higher the concentration of oxygen thera'n for 
thereby making smaller the relative variation in the con- 
centi'ation of oxygen in the exhaust gas and making 
higher the detection accuracy. However, there still exists 
a problem in that if the concentration of oxygen in the 
exhaust gas varies largely, a sufficient restraining effect 
on restraint of the relative variation in the concentration 
of oxygen by the effect of introduction of oxygen from 
the pump cell cannot be obtained and therefore sabs- 
factory detection accuracy cannot be obtained, 

SUMMARY OF TH E INVENTION 

Accading to an aspect of the present Invention, 
there is provided a novel and improved exhaust gas 
sensor which includes the following elements: 

(1) an oxygen pump cell which is made of solid 
electrolyte having an oxygen ion conductivity and 
operative to charge or discharge oxygen into or 
from a detection space in response to a voltage 
applied thereto; 

(2) an oxygen sensor cell which is made of solid 



electrolyte having an oxygen ion conductivity and 
disposed in opposition to the oxygen pump cell so 
as to define therebetween the detection space 
while being operative to detect the concentration of 
oxygen in exhaust gas on ^e basis of a concentra* 
ti'on cell electromotive force resulting from the differ- 
ence in the concentration of oxygen between tiie 
exhaust gas introduced into tiie detection space 
and a reference gas; and 

(3) a semiconductor detection element which is 
made of oxide semiconductor and disposed in the 
detection space for detecting a predetermined 
detected substance in the exhaust gas introduced 
into the detection space. 

The concentration of oxygen in the detection space 
is regulated so as to be included within a predetermined 
range through confrol of the charge or discharge of oxy- 
gen by the oxygen pump cell on the basis of the result of 
detection by the oxygen sensor celt. I.e.. on the basis of 
tiie detected concentration of oxygen in tiie exhaust 
gas, which is detected by the oxygen sensor cell. 

. In an exhaust gas sensor constructed in the above 
described manner, the concentration of oxygen in the 
detection space is detected by the oxygen sensor cet). 
and on the basis of the detected concentration of oxy- 
gen the oxygen pump cell confa-ols charge and dis- 
charge of oxygen into and from the detection space for 
tiiereby regulating the concentration of oxygen in the 
detection space. By this, it becomes possible to make 
tiie concentration of oxygen in tiie abnosphere in which 
a detection element is disposed, be held or maintained 
within a predetermined rage, thus making it possible to 
detect contaminants in the exhaust gas with higher or 
improved accuracy. In the meantime, it is desirable to 
dispose, witiiin the detection space, tiie semiconductor 
detection element in a condition of being electrically 
insulated from the oxygen sensor cell assuredly for 
improving tiie accuracy in detection of a detected sub- 
stance in exhaust ga& 

A reference gas introducing space for introducing a 
reference gas and making it contact ttie oxygen sensor 
cell can be formed in tiie oxygen sensor cell on the skle 
tiiereof opposite to the detection space for the exhaust 
gas. In tiiis instance, it becomes possible to apply a volt- 
age to tiie oxygen sensor cell in such a direction as to 
make oxygen be conducted or conveyed from the above 
described detection space side to tiie reference gas 
introducing space side so tfiat the oxygen having been 
conveyed to the reference gas introducing space by way 
of the oxygen sensor cell constitutes the reference gas. 
By this, oxygen can be selectively conveyed to tiie refer- 
ence gas introducing space by way of the oxygen sen- 
sor cell to enable tiie gas of the concentration of oxygen 
of nearly 1 00 % to be used as the reference gas, so tiie 
accuracy in detection of oxygen by the oxygen sensor 
cell can be improved. 

The oxygen sensor cell can be formed witii porous 
electrodes on the opposite sides opposed in tiie direc- 
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tion of application of voltage. In this instance, one of the 
porous electrodes can be formed at a location facing or 
associated with the reference gas introducing space. In 
this embodiment the reference gas introducing space 
can be communicated witfi the exhaust gas atmosphere 5 
(hereinafter referred to simply as the atmosphere) 
which is the subject of detection or the open air by way 
of associated one of the porous electrodes of the oxy- 
gen sensor cell and its lead portion. Further, a porous 
communication portion that crosses the oxygen sensor jo 
cell in the thickness direction thereof to communicate at 
one end thereof with the detection space, can be pro- 
vided to the oxygen sensor cell to provide communica- 
tion by way of itself and through the above described 
porous electrode (and Its lead portion) between the ref- is 
erence gas introducing space and the detection space. 

In the meantime, in the case of providing communi- 
cation between the reference gas introducing space 
with the open air, the above described application of 
voltage to the oxygen sensor cell is stopped to allow the 20 
open air to be introduced into the reference gas Intro- 
ducing ^ace as the reference gas so that the concen- 
tration of oxygen in the open air (about 20.95 vol.%) can 
be used as a fixed concentration point, thus making it 
possible to simplify the structure of the sensor. In the zs 
meantime, in addition to sudi a porous electrode and its 
lead portion, an open air communication portion consti- 
tuted by a groove, etc. can be provided. 

In the meantime, in order to make as smaller as 
possible the influence of a variation of oxygen concen- so 
tration on the detection of the substance by the semi- 
conductor detection element, it Is desirable to set the 
position at which the detection element is disposed, 
adjacent the electrodes of the oxygen sensor cell. Fur- 
ther, by disposing the semiconductor detection element 35 
on the oxygen sensor cell by interposing therebetween 
an insulation layer, insulation between the oxygen sen- 
sor celt and the semiconductor detection element can 
be made assuredly. 

The kind of oxide semiconductor constituting the 40 
semiconductor detection element differs depending 
upon the kind of detected substance, for example, for 
detection of CO or HC, SnOg, ZnO, InsOs and the like 
are suitably used. Furttier, for detection of oxides of 
nitrogen (NoJ WO3, perovskite oxide containing La. 45 
and the like can be used suitably. Further, as the solid 
electrolyte for the oxygen pump cell and the oxygen 
sensor cell, such Zf02 base one that is partly stabilized 
by Y2O3 or the like can be used suitably. 

Then, as the semiconductor detection element so 
such one that is formed by printing a predetermined ele- 
ment pattern using starting material powder of oxide 
semiconductor on a previously sintered oxygen sensor 
cell, and thereafter sintering the printed pattern at ttie 
temperature lower than the sintering temperature of the ss 
oxygen sensor cell. That is, since the oxide semicon- 
ductor used for the semiconductor detection element 
may. in may cases, sublime or decompose at the sinter- 
ing temperature of the Z1O2 base solid electrolyte con- 



stituting the oxygen sensor cell, It Is impossible to form 
the detection element by simultaneous or concun-ent 
sintering with the oxygen sensor celt. However, as men- 
tioned above, by printing an oxygen sensor cell pattern 
on tfie previously sintered oxygen sensor cell and sec- 
ondarily sintering the printed pattern at a lower temper- 
atijre, the detection element can be formed readily and 
assuredly. 

Then, the above described exhaust gas sensor can 
be comprised of an oxygen pump cell unit including an 
oxygen pump cell and a sensor cell unit including an 
oxygen sensor cell which are formed so as to constitute 
separate units and then joined with cement or adhesive 
to constitute an Integral unit. Since with this structure 
tiie pump cell unit and tiie sensor cell unit are formed 
separately, ttiere results an advantage in being capable 
of producing the sensor more reasonably, for example, 
the semiconductor detection element can be fomied on 
the sensor cell unit by secondary sintering and thereaf- 
ter joined with the pump cell unit to constitute an integral 
body or unit. 

In the above structure, the pump cell unit can have 
the pump cell side coupling portion, while the sensor 
cell unit can have tiie sensor cell side coupling portion, 
to be coupled with tiie punp cell side coupling portion, 
so that the pump cell unit and the sensor ceU unit can be 
joined at the coupling portions thereof to constitute an 
integral tx>dy or unit Such joining can be attained fill- 
ing the gap between tiie coupling portions (hereinafter 
referred to as coupling gap) with adhesive such as ^ass 
or tiie lil«. By this, positioning of the punp cell unit and 
tiie sensor cell unit for tiieir lamination or piling up can 
be attained with ease, and in addition the coupling por- 
tions can be formed so as to prevent the adhesive such 
as glass or the like filled in tiie gap from flowing freely, 
whereby such a trouble, for example, in that the adhe- 
sive is adhered to the semiconductor detection element, 
tiie electrodes of the oxygen sensor cell or the oxygen 
pump cell, etc.. is hard to occur. In the meantime, at an 
intermediate portion of the coupling gap or at a portion 
of the coupling gap adjacent tiie open end thereof on 
the sensor surface side, an adhesive storing portion can 
be formed in such a manner as to make tiie coupling 
gap wider. By doing so, when- the adhesive of the 
amount more than necessitated is filled in the gap, the 
excess adhesive can be drawn to the above described 
storing portion, thus making it possible to prevent occur- 
rence of the above described kind of trouble and the like 
more assuredly. 

lh& oxygen pump cell unit can be conrprised of the 
following elements: 

(1) an oxygen pump cell in the form of an elongated 
plate; 

(2) a detection space fomiing member formed into 
an elongated plate con'esponding to that of the oxy- 
gen pump cell, and placed on one side surface of 
the oxygen pump cell and jdned togetiier therewith, 
while being formed with a window for forming a 
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detection space, at one of longitudinally separated 
side portions, In such a manner as to extend in the 
thickness direction therethrough; 
(3) a pair of coupling projections disposed on the 
side of the detection space forming member oppo- 
site to the oxygen pump cell and formed Integral 
wth and along opposite ends of the detection 
space forming member opposed widthwise thereof. 

Further, the sensor cell unit can be comprised of 
the following elements: 

(1) an oxygen sensor cell in the form of an elon- 
gated plate narrower than the detection space 
forming member; and 

(2) a base member formed wider than the oxygen 
sensor cell and placed on the side of the oxygen 
sensor cell opposite to the detection space forming 
member in such a manner as to have opposite end 
portions that protrude widthwise from the oxygen 
sensor cell. 

The stepped surface portions are constituted by the 
protruded opposite ends of the base member and the 
side surface of the oxygen sensor cell to serve as the 
coupling portion of the oxygen sensor cell unit, and the 
coupling projections constituting the coupling portion of 
the pump cell unit are coupled with the stepped surface 
portions, whereby the pump cell unit and the sensor ceil 
unit are placed one upon another to constitute an inte- 
gral body or unit 

With the above structure, it becomes possible to 
form the powder compact for the punp cell unit and sen- 
sor cell unit t>y first splitting it into compact elements In 
the form of plate or sheet and then placing the elements 
one upon another to constitute an integral body or unit 
whereby the sensor can be produced with efficiency. 

Then, each electrodes of the oxygen pump cell and 
oxygen sensor cell need to have a reversible catalytic 
function for a dissociation reaction for charging oxygen 
to the solid electrolyte constituting such cells and an 
oxygen recombining reaction for allowing oxygen to be 
discharged from the solid electrolyte (hereinafter 
referred to as oxygen dissociating and catalyzing func- 
tion), and such electrodes can be constituted by porous 
electrodes made of R or its alloy for instance. 

On the other hand, there may be such a case in 
which the above described electrode has, depending 
upon the material from which it is formed and depend- 
ing upon the detected substance, a catalytic function for 
a reaction of combining the detected substance and 
oxygen (i.e., the oxidation reaction or burning reaction 
of the detected substance) in addition to the oxygen dis- 
sociating and catalyzing function. Accordingly, when the 
electrode located on the ^de to face or to be associated 
witii the detection space has such an oxidation catalytic 
function, such a case may occur in which the detected 
substance is reacted with oxygen in the detection space 
to. be consumed, thus lowering the accuracy in detec- 



tion of the detected substance by the semiconductor 
detection element Thus, by constructing at least those 
of the electrodes of the pump cell unit and the sensor 
cell unit that face or tiiat are associated with the above 

s described detection space (hereinafter refen-ed to as 
detection space side electrode), so as to be catalytically 
inactive in the reaction of the detected substance and 
oxygen, it becomes possible to prevent or restrain the 
detected substance ^om being reacted with oxygen and 

to consumed, Uius making it possible to detect the 
detected subsfance with high accuracy by means of the 
semicOTiductor element 

In tiie meantime, the "catalytically inactive elec- 
trode in the reaction of the detected substance and oxy- 

15 gen" so referred to in the specification, is such an 
electrode, if subjected to such a test under a condition in 
which an example is prepared to have a disk-shaped 
electrode of 8 mm in diameter which is formed on a sol kl 
electrolyte plate of 12 mm in diameter and 1 mm thick 

20 and disposed within a tubular body having a gas inlet 
and outiet and a test gas containing 350 ppm of the 
detected substance and 300 ppm of oxygen in the 
argon gas carrier Is introduced at tiie flow rate of 100 
ml/min. into the tubular body through the inlet and dis- 

2S charged through the outiet that causes the concemra- 
tion of tiie detected substance in the test gas to reduce 
to 10 % or less. In the meantime, the example is heated 
up to a predetermined temperature corresponding to 
the operating temperature of the sensor by means of a 

so heating means such as a heater and the like. 

In the meantime, one of the electrodes of tiie pump 
cell unit or the oxygen sensor cell which is located on 
the side not to face be associated with the detection 
space, can be constructed so as to be catalytically inac- 

35 tive in the reaction of the detected substance and oxy- 
gen, provided that it has a sufficient oxygen dissociating 
and catalyzing function for operating Uie pump cell unit 
or tiie oxygen sensor cell. 

The above described detection space side elec- 

40 ti-ode, i.e., at least a portion tiiereof including a surface 
for contact with the exhaust gas can be made of a mate- 
rial which is cafalytically inactive in the reaction of the 
detected substance and oxygen. In tiiis case, it is a mat- 
ter of course tiiat tiie entire electrode can be made of 

4S tfie above described catalytically inactive material, but it 
will do that only the surface of the portion for contact 
with the exhaust gas is made of a catalytically inactive 
material, for example, the electrode can be produced by 
forming a main body from a catalytically active material 

50 and providing the surface of the main txxly witii a coat- 
ing of a catalytically inactive material. 

in this connection, what kind of material can be 
used for a catalytically inactive electrode differs d^end- 
ing upon the operating temperature of the sensor and 

55 tiie kind of the detected substance. For exanple, the 
metal containing Au or Ag for its major conponent is 
particularly low in its catalytic activity for oxide reaction 
of CO or HC when CO or HC is the detected substance 
and has a sufficient oxygen dissociating and catalyzing 
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function, so when this kind of metal is used for the 
above described electrode material excellent operation 
of the pump cell unit and the sensor cell unit can be 
obtained and in addition the above desaibed detected 
substances can be detected with high accuracy. Fur- 5 
ther, the electrode formed by the use of tiie above metai 
is particularly low in the catalytic activity in the reaction 
of methane and oxygen and thus has an advarttaga of 
being capable of detecting the methane in the exhaust 
gas selectively. 10 

According to a further aspect of the present inven- 
tion, there is provided a sensor system which comprises 
the above described exhaust gas sensor, and oxygen 
concentration control means for controlling tiie concen- 
tration of oxygen in the detection space so as to be iff 
included within a predetermined range through control 
of charge or discharge of oxygen into or from the detec- 
tion space by means of the oxygen pump cell through 
variable control of a voltage to be applied to the oxygen 
pump cell on tiie basis of the concentration of oxygen in 20 
the exhaust gas, which is detected by the oxygen sen- 
sor cell. 

The above structure can solve the above noted 
problems inherent in tiie prior art device. 

It is accordingly an obj ect of til e present invention to 2S 
provide a novel and improved exhaust gas sensor which 
can detect the concentration of tfie contaminants con- 
tained in the exhaust gas with improved accuracy. 

It is a further object of the present invention to pro- 
vide a novel and improved exhaust gas sensor of the 30 
foregoing character which can control the concenfration 
of oxygen in the atmosphere in which a detection ele- 
ment is disposed, so as to be maintained within a prede- 
termined range. . 

It is a further object of the present invention to pro- 35 
vide a metiiod of producing an exhaust gas sensor of 
the foregoing character. 

It is a further object of tiie present invention to pro- 
vide a provide a novel and improved sensor system 
which includes an exhaust gas sensor of tiie foregoing 4o 
character. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 A is an exploded perspective view of an 4S 
exhaust gas sensor according to an embodiment of 
the present invention; 

Rg. 1 B is a perspective view of a pump cell unit of 

the exhaust gas sensor of Rg. 1 A and shows its 

side opposite to that shown in Rg. 1 A; so 

Rg. 2A is a perspective view of tiie exhaust gas 

sensor of Fig. 1 . in an assembled state; 

Rg. 2B is an enlarged, side elevation view of the 

exhaust gas sensor of Rg. 2A; 

Rg. 2C is a sectional view taken along tiie line 2C- ss 

2C in Rg. 2A; 

Rg. 2D is a view similar to Rg. 2C but shows frag- 

mentarily a variant of tiie present invention; 

Fig. 3 A is an illustration of a process of joining a 



pump cell unit and a sensor cell unit of the exhaust 
gas sensor of Rg. 1A; 

Rgs. 3B and 3C are enlarged fragmentary views of 
the pump cell unit and sensor cell unit of Rg. 3A, in 
an assembled state: 

Rg. 4 is a schematic view of compacts for the sen- 
sor cell unit of the exhaust gas sensor of Rg. 1 A; 
Rg. 5A is a plan view of a compact for an oxygen 
sensor cell of tiie sensor cell unit of Rg. 4; 
Rg. 5B is a sectional view taken along the line SB- 
SB of Rg. 5A; 

Rg. 5C is a sectional view taken along the line 5C- 
5C of Rg. 5A; 

Rg. 6 is an illustration of a process of laminating the 
compacts for tiie sensor cell unit of Rg. 4; 
Rg. 7 is a sectional view of a sintered body for the 
sensor cell unit of the exhaust gas sensor of Rg. 
1 A, which is obtained by firing tiie compact assem- 
bly of Rg. 6; 

Rgs. 8A and SB are illusti'ations of process steps 
for forming a semiconductor detection element on 
the sintered body of Rg. 7; 
Rg. 9 is a plan view of a variant of the semiconduc- 
tor detection element of Rgs. 8A and 8B: 
Rg. 10 is a schematic view of compacts for a pump 
cell unit of tiie exhaust gas sensor of Rg. 1 A; 
Rg. 11 is a plan view of a compact tor an oxygen 
pump cell, which is one of the compacts of Rg. 10; 
Rg. 1 2A is an illustration of a process of laminating 
or piling up the compacts of Rg. 10; 
Rg. 12B is a fragmentary plan view of one of tiie 
compacts of Rg. 12A; 

Rg. 13 is a sectional, reduced in scale, view of a 
sintered body obtained by firing the corrpact 
asseml^y of Rg. 12A; 

Rg. 1 4 is an illustration of how tiie exhaust gas sen- 
sor of Rg. 1 is installed on an eidiaust pipe; 
Rg. 15 is a circuit diagram of a control unit for the 
exhaust gas sensor of Rg. 1A; 
Rg. 18 is an exploded perspective view of a sensor 
cell unit having an open air communicated portion 
at a base mender according to a further embodi- 
ment of ttie present invention; 
Rg. 1 7 is a schematic illustration of a process of fir- 
ing a heater unit concurrentiy or simultaneously 
witii firing of a pump cell unit: 
Rgs. 18 A and 18B are graphs of a relation 
between resistance of semiconductor detection ele- 
ment and oxygen concentration, obtained by tiie 
respective embodiments of the present invention; 
Rgs. 1 9A and 1 9B are graphs of a relation between 
resistance of semiconductor detection element and 
concenb-ation of measured gas CH4. Obtained by 
tiie respective embodiments of tiie present inven- 
tion; 

Rg. 20 is a graph of a relation between resistance 
of semiconductor detection element and concentra- 
tions of various measured gas detected sul> 
stances; and 
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Figs. 21 A to 21 C are illustrations of various exam- 
ples of producing a catalytically inactive electrode 
by coating. 

DETAILED DESCRIPTION OF THE PREFERRED S 

Referring first to Figs. 1 A and IB. an exhaust gas 
sensor 1 according to an embodiment of the present 
invention consists of a sensor cell unit 2, a pump celt io < 
unit 3 and a heater unit 4 which are in the form of a gen- 
erally rectangular plate and laminated or placed one 
upon another in this order to constitute an integral body 
or unit The sensor unit 2 has incorporated therein an 
oxygen sensor cell 21 in the form of a rectangular plate, is 
The oxygen sensor celt 21 has porous electrodes 22 in 
the place adjacent a longitudinal end and on the oppo- 
site side surfaces thereof. The pump cell unit 3 has 
incorporated therein a similar pump cell 41 having simi- 
lar porous electrodes 42. In the meantime, the heater so 
unit 4 is constituted by a known ceramic heater or the 
like. 

The oxygen sensor cell 21 and oxygen pump cell 41 
are made of solid electrolyte having an oxygen ion con- 
ductivity. A typical example of such solid electrolyte is ss 
ZxOz having solid solution of Y2O3 or CaO, but a solid 
solution of another alkaline earth metal or an oxide of 
rare earth metal and a solid solution of ZrOg can be 
used. In this connection, ZrOj, which serves as a base 
metal, may contain Hf02. 30 

The porous electrodes 22 and 42 of the botii cells 2 
and 3 have a reversiUe catalytic function (i.e., oxygen 
dissociating and catalyzing function) for a dissociation 
reaction for charging oxygen into the solid electrolyte 
constituting those cells and an oxygen recombinlng 3S 
reaction for allowing oxygen to be discharged from the 
solid electrolyte, and all of them may be, for example, 
constructed of Ft porous electrodes. However, in this 
embodiment, those of the porous electrodes 22 and 42 
facing or associated wrtfi a detection space 44 are con- 40 
structed of Pt porous electrodes, and those located on 
the opposite sides are constructed of Au porous elec- 
trodes, respectively In the meantime, the Au porous 
electrode is of the kind having a sufficient oxygen disso- 
ciating and catalyzing function for activating the oxygen 45 
sensor cell 21 and the oxygen pump cell 41 , while hav- 
ing a character of bang catalytically inactive tor the 
reaction of a detected substance such as methane and 
oxygen. 

. As seen from Rg. 1 B which is a perspective view so 
taken from the side opposite to that from which Rg. 1A 
is taken, the oxygen pump cell 41 is joined, at the side 
opposite to the sensor cell unit 2. with a detection space 
forming member 43 which is made of the same solid 
elertrolyte as the oxygen pump cell 41 and in the form ss 
of a rectangular plate, while being formed with a window 
at a portion corresponding to the porous electrode 42, 
to constitiJte an integral body or unit. The window con- 
stitutes the detection space 44. Further, the detection 



space forming member 43 serves as a reinforcement for 
reinforcing the oxygen pump cell 41 to prevent or 
restiHin bending and expansion thereof. 

Further, an electi'Ode lead 42a is formed on the oxy- 
gen pump cell 41 so as to protrude from each porous 
electrodes 42 toward a longitudinal end of the oxygen 
pump cell 41 (i e., an attaching end of the sensor 1), so 
that the electrode lead 42a is to be connected at the 
attaching end to an external output lead wire or the like. 
Further, the oxygen pump cell 41 has at opposite ends 
opposed widthwise thereof and at a location corre- 
sponding to the detection space 44 a cut or notched 
portion 45. As shown in Rg. 3A, a porous ceramic mem- 
ber 46 made of AI2O3 or the like and having a number of 
comnmjnicati'on pores is disposed at the notched portion 
45 and between the oxygen pump cell 41 and the detec- 
tion space forming member 43 and constructed so as to 
intiroduce therethrough exhaust gas into the detection 
space 44. By this, tiie soot and oil contained in the 
exhaust g^ becomes hard to intrude Into the detection 
space 44, 80 it becomes possible to prevent deteriora- 
tion of the porous electrodes 22 and 42 associated with 
the detection space 44, resulting from sticking of the 
above described contaminants thereto. In ttie mean- 
time, without forming such a notched potion 45, the 
porous ceramic member 46 may be disposed between 
the oxygen pump celt 41 and the detection space fonn- 
ing.men^er 43. 

Tlien, in the sensor celt unit 2, a base ment>er 23 is 
joined to the oxygen sensor cell 21 in such a way as to 
contact the side surges thereof opposite to tiie detec- 
tion space forming member 43, to constitute an integral 
body or unit The base member 23 is formed wider than 
the oxygen sensor cell 21 and protruded widthwise from 
tine opposite ends of the oxygen sensor cell 21 . Further, 
as shown in Rg. 2C. tiie porous electrode 22 on the side 
of the oxygen sensor cell 21 confronting the t»ase mem- 
ber 23 is buried or embedded in the base member 23 so 
tfiat a reference gas Is held or stored in the pores or 
vacant portion of the porous electi'Ode 22. Accordingly, 
the vacant portion of the porous electrode 22 can be 
regarded as constituting a reference gas introducing 
space. Further, as shown In Rgs. 1 A and IB, the porous 
electrode 22 has an integral lead portion 22a, and tiie 
above described vacant portion, i.e., the reference gas 
inb-oducing space of the porous electrode 22 embedded 
in the base member 23 is communicated by way of the 
lead portion 22a and at the attaching end of the sensor 
1 with tiie open air. In the meantime, as shown In Rg. 
2D, a porous communication portion 21a made of 
porous zirconia, porous alumina or the like, may be pro- 
vided in a way as to across tiie oxygen sensor cell 21 in 
the tfiickness direction and have an end communicated 
wttii tiie detection space 44, so as to provide communi- 
cation between the reference gas introducing space 
and the detection space 44 by way of tiie porous oonv 
municatlon portion 21a and the lead portion 22a. 

Then, tiie side of the oxygen sensor cell 21 to be 
joined with the pump cell unit 3 is cov&ed, at least at a 
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portion formed with a semiconductor detection element 
25 and except for an area formed with the porous elec- 
trode 22. by an insulation layer 28 (refer to Figs. 8B) 
m^e of AI2O3 or the like, and the semiconductor detec- 
tion element 25 in the form of film is formed on the insu- 
lation layer 28 at a location adjacent the porous 
electrode 22. The semiconductor detection element 25 
is constituted by oxide semiconductor and detects the 
concentration of a contaminant {detected substance) on 
the basis of a variation in the electric resistance thereof 
in proportion to its absorption of the contaminants which 
are contained in the exhaust gas introduced into the 
, detection space 44. The kind of oxide semiconductor 
differs depending upon the kind of detected substance, 
for example, for detection of CO or HC, Sn02, ZnO. 
In203 and the like are used. Further, for detection of 
oxides of nitrogen (NOx). WO3 Is used. 

As shown in Rg. 2C, the pump cell unit 3 is pro- 
vided witti a pair of coupling projections 47 which are 
made of the same solid electrolyte as the oxygen pump 
cell 41 to serve as a pump cell side coupling portion. 
The coupling projections 47 are disposed along the 
opposite ends of the oxygen pump cell 41 opposed 
widthwtse and joined with the same to constitute an 
integral body or unit On the other hand, in the sensor 
cell unit 2, a stepped surface formed by the opposite 
end portions of ^e base mentter 23 and the peripheral 
surface or edge of the oxygen sensor ceil 21. sewes as 
or constitute a sensor cell side coupling portion 26. As 
shown In Rg. 3A. by joining the coupling projection 47 of 
the pump cell unit 3 to the sensor cell side coupling por- 
tion 26. the pump cell unit 3 and the sensor cell unit 2 
are joined togetiier to constitute an integral body or unit 
In this instance, as shown in Rg. 3B, a clearance or gap 
formed between tiie coupling projection 47 and the sen- 
sor cell side coupling portion 26 is filled with adhesive 
such as glass, cement or the like, and the both units 2 
and 3 are joined by way of the adhesive 27. 

In this connection, as shown In Rg. 3C, adhesive 
collecting portions 72, 73 and 74 may be formed by par- 
> tially increasing the clearance 70 at an opening portion 
71 opening to the surface of the sensor and the corner 
portions. More specifically, the collecting portions 72, 73 
and 74 are formed by chamfering the base member 23, 
the corner of the coupling projection 47, and tiie corner 
of the oxygen sensor cell 21 , respectively By ^is, an 
excess of adhesive is collected at the adhesive collect- 
ing portions 72, 73 and 74, so such a trouble in that the 
adhesive leaks or oozes out from the clearance 70 and 
sticks to the semiconductor detection element 25 is 
hacd to occur. 

In the meantime, since tiie porous elertrodes 22 
and 42 of the both units 2 and 3 are brought in direct 
contact with tiie exhaust gas except one that constitutes 
. the reference gas introducing space, it is desirable to 
cover them with a porous protective film made of ^203- 
spinel, ZrOj. mullite or the like. 

Hereinafter, tiie method of producing the exhaust 
gas sensor 1 will be described more in detail. 



Rrstly, to produce the sensor cell unit 2. a green 
compact 121 corresponding in shape to the oxygen 
sensor cell 21 (hereinafter refered to as an oxygen sen- 
sor cell compact) and a base member compact 123 are 

5 prepared separately as shown in Rg. 4. by using a 
green sheet which is prepared by mixing solid electro- 
lyte powder with binder. Rg. 5 shows the oxygen ^nsor 
cell compact 121 which is formed with an electirode pat- 
tern 122 and lead pattern 122a on the side surface 

io thereof to face or to be associated with the detection 
space 44. Though not shown in Rgs. 5A and 5B, the 
compact 121 is further formed with an electrode pattern 
1 22 and lead pattern 1 22a on the side surface thereof to 
face or contact the base member compact 123. These 

js patterns are produced by printing of a paste which is 
prepared by mixing Pt or Au powder selected depending 
upon the elecb^ode material with a predetemiined 
amount (e.g., 10 wt.% or so ) of ceramic powder which 
is of the same material as solid electrolyte, and the 

20 printed patterns are respectively formed into the porous 
electrode 22 and tiie lead portion 22a by firing (refer to 
Rg. 1). 

Then, as shown In Rgs. 5B and 5C, the side sur- 
faces of the oxygen sensor cell conpact 121 are cov- 

25 ered by insulation substance layers 1 28 (fonmed into the 
above described insulation layers 28 after firing) except 
for an area con-esponding to the printed patterns 1 22 for 
the porous electrodes, and then lead patterns 125a for 
forming the lead portions 25a (refer to Rg. 1) of the 

30 semiconductor detection element 25 are formed on the 
insulation substance layer 128. As shown in Rg. 6. the 
base member compact 1 23 and the oxygen sensor cell 
compact 121 are placed one upon another and then 
fired at a predetermined temperature (for example, 

35 1400 *'C - 1600 <*C), whereby the both are joined 
togettier and a sintered body 129 as shown in Rg. 7 Is 
obtained. In the meantime, Rg. 7 is a sectional view cor- 
responding to that taken along the line 5C-5C in Rg. 5A. 
Then, as shown In Rg. 8A, an element pattern 125 

40 is formed on the sintered body 129 by using a paste 
containing starting material powder of oxide semicon- 
ductor and by being printed on the insulation layer 28 in 
such a manner as to connect between tiie respective 
ends of the two lead portions 25a, and then the sintered 

45 body 129 is secondarily sintered at the temperature 
lower than tiie sintering temperature of the oxygen sen- 
sor cell compact 121, whereby the semiconductor 
detection element 25 as shown In Rg. 88 Is obtained. 
The secondary sintering temperature varies depending 

so upon variations of the material of the oxide semiconduc- 
tor, e.g., in case of Sn02 It is set so as to be within the 
range from 900 "C to 1200 "C. When the secondary an- 
tering temperature exceeds beyond 1 200 , volatiliza- 
tion of SnOa during sintering becomes prominent, so it 

55 is disabi ed to form a good detection el ement 25. On the 
other hand. In case of 900 *C or less, the adherence 
(joining strength) betwewi the element and oxygen sen- 
sor cell becomes insufficient. In the meantime, in case 
of Sn02. it is preferable to set the secondary sintering 
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temperature to be within the range from 900 "C to 1000 
»C. 

In the meantime, though the semiconductor detec- 
tion element 25 is sho\Am in Fig. 8A as being formed Into 
a rectangular shape, it can othenwise be formed into an 
arcuate shape surrounding at least a portion of the 
porous electrode 22 as shown in Fig. 9. 

The punrtp cell unit 3 is formed similarly to the sen- 
sor cell unit 2. That is, as shown in Rg. 10, compacts 
141, 143, 146 and 147 for forming the oxygen pump cell 
41. detection space forming member 43, porous 
ceramic member 46, and coupling projections 47 are 
prepared independently. Further, as seem from in Rgs. 
10 and 11, electrode patterns 142 and lead patterns 
142a for forming the electrodes 42 and lead portions 
42a are formed on the opposite sides of the compact 
141 by printing. 

The ^ve described compacts 141, 143, 146 and 
147 are placed one upon another in a positional rela- 
tionship as shown in Rg. 12A, i.e., the compact 143 for 
the detecta'on space forming member 43 is disposed in 
such a manner as to allow the electrode pattern 142 of 
the connpact 141 for the oxygen pump cell 41 to be 
superinposed on the window portion 144 which defines 
the detection space 44 after firing, and further the com- 
pacts 147 for forming the coupling projections 47 are 
disposed along the respective edges of the compacts 
143 opposed widthwise. Further, the compact 143 is 
formed with recesses 1 49 at a location conesponding to 
the notched portions 145 of the compact 141 which Is 
formed into notched portions 45 after firing and in such 
a manner as to allow the opposite ends of the window 
portion 144 of tiie compact 143 to be recessed in the 
thickness direction thereof, and as shown in Fig. 12B 
the compacts 146 for forming the porous ceramic mem- 
bers 46 are fitted in the recesses 149. This laminated 
assembly is fired at a ternperature witiiin the range sim- 
ilar to that of the sensor cell unit, whereby the laminated 
sections of the assembly are joined together to consti- 
tute the pump cell unit 3 as shown in Rg. 13. 

The sensor cell unit 2 and the punp cell unit 3 
which are formed in the above manner are adh^ed by 
the adhesive 27 as shown in Rg. 3 to constitute an inte- 
gral body or unit In the meantime, since the fluidity of 
the adhesive 27 made of glass or the like is relatively 
large, it is desirable, for the purpose of making it hard to 
occur that the adhesive leaks off and sticks to the senv 
iconductor detection element 25 and the lead portion 
25a (refer to Rg. 1), to allow the adhesive to be filled 
mainly at a location adjacent the peripheral surface of 
the pump cell 21 , and it is further desirable to form one 
of such adhesive collecting portions 72, 73 an 74 as 
shown in Figs. 3C. 

As shown in Rg. 2A, the heater unit 4 is similarly 
adhered to tiie above described pump cell unit 3 by an 
adhesive such as glass or the like, to constitute the 
exhaust gas sensor 1 . In this instance, a resistance type 
heating element is buried or embedded in the heater 
unit 4 at a portion thereof corresponding in position to 



the detection space 44 so that the tenperature of the 
heater unit 4 rises easily or readily partlculariy at or 
adjacent that portion. Thus, as shown In Rg. 26, it is 
desirable to join the pump cell unit 3 and the heater unit 

5 4 at tiie base end or attaching end side thereof with the 
. adhesive 75 without filling the adhesive 75 into the Side 
where the detection space 44 is located and the heater 
unit 4 gives off high temperature heat. Further, by doing 
so, the adhesive 75 is less likely to stick to the porous 

10 electrode 42, ttie semiconductor detection element 25 
or ^e like within tiie detection space 44. In addition, by 
not filling the adhesive 75 in tiie above described man- 
ner, a clearance 76 is tormed between the pump cell 
unit 3 and the heater unit 4, so it becomes possible to 

IS allow the exhaust gas EG in the atmosphere to contact 
the porous electrode 42 on tiie opposite side of the 
detection space smoothly. 

In the meantime, in Rgs. 1 to 3, the insulation layers 
28 are omitted for brevity. 

20 Hereinafter, description will be made as to how to 
use the exhaust gas sensor 1. 

As shown in Rg. 14, the exhaust gas sensor 1 has 
a threaded portion 51 and an attachment portion 52 and 
is attached thereat to an exhaust pipe 50. In tiiis 

25 instance, the porous electrodes 22 and 42 are con- 
nected to the control unit 60 which serves as an oxygen 
concentration conb-ol means by way of the lead portions 
22a and 42a (refer to Fig. 1), respectively. 

As shown in Rg. 2, exhaust gas EG is introduced 

30 into the detection space 44 by way of the porous 
ceramic member 46, so that the concentration of the 
harmful substances such as CO, HC or the like is 
detected by the semiconductor element 25. On the 
other hand, the concentration of cxygen in the exhaust 

35 gas EG is detected by the oxygen sensor cell 21 . 

A constant bias voltage Vg is applied across the 
both porous electrodes 22 of the oxygen sensor cell 21 
by means of a power source (not shown) provided 
within the control unit 60 in such a manner that the 

40 detection space 44 side goes negative and the refer- 
ence gas introducing space side goes positive. Furtiier, 
a pump voltage Vp is applied across tiie botii porous 
electrodes 42 of the oxygen pump cell 41 in such a 
direction as to cause oxygen to be conveyed or charged 

45 from the exhaust gas atmosphere side to the detection 
space 44 side or in such a direction as to cause oxygen 
to be conveyed or discharged out of the detection space 
44. In the meantime, the heater unit 4 heats the oxygen 
sensor cell 21 and the oxygen pump cell 41 and hokl 

so them heated at a predetermined operating temperature 
(e.g., 300 "C or higher). 

By the application of the Voltage Vb. the oxygen 
contained in the exhaust gas EG is selectively conveyed 
to the reference gas introducing space side by means of 

55 the oxygen sensor cell 21. By this, the reference gas 
introducing space 24 is filled with oxygen gas of the oxy- 
gen concentration of nearly 100 %, which oxygen gas is 
used as a reference gas. On the other hand, the 
exhaust gas EG within tiie detection space 44 is kjwer in 
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the ojcygen concentration than the above described ref- 
erence gas, so there is caused a concentration cell 
electromotive force corresponding to the difference In 
the oxygen concentration therebetween and in such a 
direction as to cause current to flow from the reference 
gas introducing space to the detection space 44. The 
control unit 60 detects the concentration of oxygen In 
the exhaust gas on the basis of the output voltage Vs of 
the oxygen sensor cell 21 to which the bias voltage Vg 
is affiled in addition to tiie concentration cell voltage 
and controls the punp voltage Vp to be applied to the 
oxygen punp cell 41 in both directions so as to maintain 
the concentration of oxygen substantially constant. In 
the meantime, it is necessary to set the bias voltage V3 
to be larger than the concentration cell voltage gener- 
ated in the oxygen sensor cell 21. 

Fig. 15 shows an example of a circuit for tine control 
unit 60. The control unit 60 mainly consists of three 
operational amplifiers 61, 62 and 63, and the terminals 
PI and P2 are connected with the respective electrodes 
22 of the oxygen sensor cell 21 while the terminals P3 
and P4 being connected with the respective electrodes 
42 of the oxygen pump cell 41. TTie output voltage Vg 
from the oxygen sensor cell 21 Is amplified by a prede- 
termined tector by means of tiie operational amplifiers 
61 and 62 in the preceding section and is thereafter 
compared wttii tiie reference voltage by means of 
the operational amplifier 63 in the succeeding section. 

The operational amplifier 63 outputs the pump volt- 
age Vp proportional to the difference between tiie 
amplified input voltage Vs' from the oxygen sensor cell 
21 and tiie reference voltage Vq. In this instance, in tiie 
case Vs' is larger than V^, i.e., in the case the concen- 
tration Qs of oxygen in the exhaust gas EG is smaller 
than the reference concentration Qc that.is determined 
in accordance with the reference voltage Vc, the pump 
voltage Vp is applied in such a direction as to make oxy- 
gen be conveyed into the detection space 44, while In 
the reverse case in such a direction as to make oxygen 
be conveyed out of tiie same. By this, tiie concentration 
of oxygen wiWiin tiie detection space is maintained sub- 
stantially at a constant value adjacent tiie reference 
concentration Qq. In the meantime, the control unit 60 
can otiierwise be constituted by using a microprocessor 
as a main component so as to carry out the above 
described control in accordance with a software. 

By this, it becomes possible to solve the problem in 
that the detection output of tiie semiconductor detection 
element 25 varies depending upon a variation of the 
concentration of oxygen in exhaust gas and tiierefbre it 
becomes possible to detect ttie concenti-ation of con- 
taminants in tiie exhaust gas witii high accuracy. Fur- 
tiier, since the porous electrodes 22 and 42 facing or 
asscx:iated with tiie detection space 44 are botii made 
of Au which is small in catalytic activity about the reac- 
tion of the detected substance such as methane and the 
like with oxygen, consumption of the above described 
detected substance in the reaction with oxygen is pre- 
vented or restrained, thus similarly contributing to 



improvement In the accuracy In detection of the above 
described detected substance. Further, in the case the 
detection substance is methane, such an electrode has 
an excellent selectivity in the detection of it In this 

5 instance, a particularly good selectivity in methane is 
obtained In case the operating temperature of exhaust 
gas sensor 1 is within ttie range from 650 ''C to 800 "C. 

In the meantime, in the case the reference gas 
introducing space is communicated with the open air, 

10 the control circuit may be structured so as not to apply 
tiie bias voltage Vg to the oxygen sensor cell 21. Fur- 
ther, as shown in Fig. 16, the sensor cell unit 2 may be 
formed with an open air communicating portion 30 in 
tiie form of a groove for providing communication 

15 between tiie reference gas Intirodudng space 24 and 
the open air. The open air communicating portion 30 is 
communicated at one end with the reference gas inti-o- 
ducing space 24 and at tiie otiier end, which opens to 
an end face of tiie base member 23, with tiie open air. 

20 Further, the heater unit 4 can be joined with the 
pump cell unit 3 by simultaneous or concurrent firing of 
tiiem. That is, as shown in Rg. 17, on the surface of a 
powder contact 1 50 in tiie form of a plate, which is pro- 
duced by compacting ceramic powder togetfier with. 

2S binder, a redstance heata'ng wire pattern 151 is formed 
by printing of a paste including resistance heating mate- 
rial powder. On ttie surface on which tiie pattern 151 
has been formed, anotiier powder compact similarly in 
the form of plate is placed, and the laminated assembly 

30 is fired, whereby the exhaust gas sensor 1 with the 
heater unit 4 and tiie pump cell unit 3 joined to consti- 
tute an integral body or unit can be obtained. By tills, the 
temperature control can be performed with higher accu- 
racy, and tiie error in tiie output of tiie semiconductor 

35 detection element can be reduced to improve tiie relia- 
bility and tiie stability in operation of tiie exhaust gas 
sensor 1 . 

In tiie meantime, the porous eiecti'odes 22 and 42 
facing or associated with the detection space 44 can be 

40 made of Au alloy such as Au-Pd alloy or the like. Fur- 
tiier, tiie elect-odes can be made of Ag or Ag alloy such 
as Ag-Pd alloy. Otherwise, the electrodes can be made 
of such an alloy that is made lower in the catalytic activ- 
ity of Pt by adding Au, Ni, Ag or tiie like metal to Pi Fur- 

45 tiier, as shown in Fig. 21A, it will do to form a porous 
electrode 100 by first forming a p>orous electrode main 
body 101 which is made of Pt. Rh, Pd, Ir or the like 
metal and tiien providing a coating 1 02 nfiade of a cata- 
lytically active material such as Au base metal, Ag base 

so metal, oxide such as Sn02, ZnO, lr>303. WO3, BigOs or 
tiie tike to the surface of ttie main body 101 for contact 
with exhaust gas. 

In tills instance, the above described coating 102 
may be formed by a method of applying a paste contaln- 

5f ing partid es of the above described catalytically inactive 
material to tiie main body 101 and firing the paste sec- 
ondarily as shown in Rg. 21 B or by a vapor-phase film 
forming method such as vapor deposition, sputtering or 
tiie like as shown in Rgs. 21 C. In the meantime, as 
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schematically shown in Rgs. 21 B and 21C. the porous 
main body 101 is formed so as to have a number of intri- 
cate pores P, so such a case nnay possibly occur in 
which the coating 102 is not formed so as to Intrude 
deeply into the pores P. However, if the catalytic activity 5 
about the reaction of the detected substance and oxy- 
gen can be made sufficiently small, it does not matter 
that the electrode has such a portion not coated. 

Further, in the case a detected substance ofrier 
than methane Is to be detected selectively, it will do that 10 
the porous electrode facing or associated with the 
detection space 44 is made of another material suited 
for detection of the detected substance or the operating 
temperature of the sensor is changed so as to be suited 
for selective detection of the substance desired to be is 
detected. In the latter case, solid electrolyte suited for 
the operating temperature is used if necessary. 

Hereinafter, the operation and effect of the exhaust 
gas sensor and exhaust gas sensor system according 
to the present invention vA\i be described more in detail 20 
on the basis of test examples. An exanple of the 
exhaust gas sensor 1 shown in Rgs. 2A to 2C was pro- 
duced according to the above described method. In this 
instance, it is determined tiiat the solid electi^dyte is 
Zf02 having a solid solution of Y2O3. the detection 25 
space 44 Is 0.003 cm^ in volume, each elet^ode 42 of 
the pump cell 41 is 0.08 cm^ in area and 10 lar) thick, 
and each electrode 22 of tiie oxygen sensor cell 21 is 
0.02 cm^ and 10 jim tiiicfc In the meantime, it was also 
prepared a sensor in which all of the porous electrodes 30 
including those associated with tiie detection space 44, 
were made of Ft. 

On the other hand, ottier than the above described 
sensors, examples In which a disk-shaped porous elec- 
trode of 8 mm in diameter and made of /Ui or Pt were ss 
prepared. The examples were disposed witiiin a tubular 
receptacle having a gas inlet and outiet and heated up 
to 750 "C. Under this condition, a test gas containing 
300 ppm oxygen, 350 ppm methane and the remainder 
of At was charged through ti^e inlet at the flow rate of 40 
100 miymin. and discharged through the outlet to meas- 
ure the decrease percentage as to the concentration of 
methane in the test gas. As a result, in case of tiie 
example using the Pt porous electrode, the decrease 
percentage as to the concentration of oxygen reached « 
30 %. so it was recognized that the catalytic activity for 
the reaction of metiiane and oxygen was large. In con- 
trast to this, in case of tiie example using the Au porous 
electrode, the above described decrease percentage as 
to the concentratioi of methane was less tiian 10 %, so so 
it was confirmed that the example was catalytically inac- 
tive about the above reaction. 

Then, tfie above described exhaust gas sensor was 
installed on the exhaust pipe and each terminals tiiereof 
were connected to the conti-ol unit shown in Figs. 14 ss 
and 15. In this state, the exhaust gas sensor 1 was 
heated up to 750 **C. and various measured gases con- 
sisting of various concentrations of oxygen in the range 
from 50 to 5000 ppm, various concentrations of 
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detected substance in the range from 0 to 500 ppm and 
tiie remainder of nitrogen were conducted through the 
exhaust pipe at the flow rate of 1 2 l/min. to measure the 
resistance of the semiconductor element In the mean- 
time, selected as the detected substance is either of 
methane (CH4). propylene (CsHg), cartmn monoxide 
(CO) or nitrogen monoxide (NO). 

Rgs. 18A and 18B are the graphs showing the 
detection result of the resistance of the semiconductor 
element 25 in relation to the concentration of oxygen in 
tiie measured or tested gas. resulting when the ooncerv 
ti-ation of oxygen is varied variously witiiin the above 
described range, witti respect to the cases the concen- 
tration of oxygen in tiie detection space 44 is conti'olled 
or not In the meantime, Rg. ISA shows the result 
obtained when R porous electrodes were used for tiie 
electrodes 22 and 42 on the detection space 44 side, 
and Rg. 1 SB shows the result obtained when Au porous 
electrodes were used. In either case of Pt or Au porous 
electrodes, ttie resistance of tiie semiconductor detec- 
tion element 25 varies depending upon a variation of the 
concentration of oxygen in tiie test gas when the control 
by tiie control unit 60 is not carried out wrhereas when 
tiie control is caried out, the resistance becomes sub- 
stantially constant so it is seen tiiat the concentration of 
oxygen in tiie detection space 44 is maintained sub- 
stantially constant. Furttier, It is indicated or meant by 
tills that botti of ttie Pt porous electrode and Au porous 
electrode have an excellent oxygen dissociating and 
catalyzing function. 

Rgs. 19A and 19B are graphs in which the detec- 
tion result of the resistance of the semiconductor detec- 
tion element 25 resulting when botti of tiie metiiane 
concenti'ation and oxygen concentration are varied var- 
iously within tiie above described range. Is represented 
by lines for each oxygen concentiations in relation to tiie 
concenti'ation of methane in the measured or tested gas 
and with respect to the cases the concentration of oxy- 
gen in the detection space 44 is controlled or not In the 
meantime, Rgs. 19A shows ttie result obtained when Pt 
porous electrodes are used for tiie electi-odes 22 and 42 
on the detection space 44 side, and Rg. 19B shows the 
result obtained when Au porous electrodes are used. 
Further, ttie solid lines in ttie graphs represent the case 
where tiie control is made on tiie concentration of oxy- 
gen in ttie detection space 44 according to tiie present 
invent'on, whereas tiie dotted lines represent ttie case 
where the control is not mada 

That is, as seen from the graph of Fig. 19A, 
altiiough tiie resistance of the semiconductor detection 
element 25, when Pt porous electrodes are used for ttie 
detection space 44 side electrodes 22 and 42, is 
scarcely influenced by a variation of the concentration 
of oxygen in measured gas by ttie effect of tiie oxygen 
concentration control, its variation in response to a vari- 
ation of tiie methane concenti'ation is also small, so it 
v^'ll be seen that improvement in the accuracy in detec- 
tion of methane cannot be expected too much. On tiie 
otiier hand, as shown in Rg. 198, in the case the Au 
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porous electrodes are used, tiie resistance of the semi- 
conductor detection element 25 reduces nearly rectilln- 
early, so it is seen that a good detection characteristic is 
exhibited. Further, in the graph of Fig. 19B. though only 
one solid line representative of the oxygen concentra- s 
lion of 50 ppm is shown, three solid lines representative 
of the oxygen concentrations of SO ppm, 500 ppm and 
5000 ppm are actually superimposed one upon another. 
This shows that the measurement lines for each oxygen 
concentrations coincide approximately with each other, io 
so it is seen that a stable sensor output can be obtained 
even when a variation in the concentration of oxygen in 
the detected gas occurs. 

Fig. 20 is a graph showing the resistance of the 
semiconductor element 25 in relation to tfie coricentra- is 
tion of various detected substance when the Au porous 
electrodes are used in the sensor and the measured 
gas is changed variously. From the graph, it is seen that 
the resistance of the semiconductor element 25 in the 
sensor varies largely in case the detected substance is 20 
methane, so the sensor is excellent in the selectivity of 
detection of methane. 

Claims 

25 

1 . An exhaust gas sensor comprising: 

an oxygen pump cell made of solid electrolyte 
having an oxygen ion conductivity; 
ah oxygen sensor cell made of solid electrolyte 30 
having an oxygen ion conductivity and dis- 
posed in opposition to said pump cell so as to 
define therebetween a detection space; 
said oxygen pump cell being operative to 
charge or discharge oxygen into or from said 35 
detection space in response to a voltage 
applied thereto; 

said oxygen sensor cell being operative to 
detect the concentration of oxygen in exhaust 
gas on the basis of a concenti-ation cell electro- 40 
motive force resulting from the difference in the 
concentration of oxygen between the exhaust 
gas introduced into said detection space and a 
reference gas: and 

a semiconductor detection element made of 45 
oxide semiconductor and disposed in said 
detection space for detecting a predetermined 
detected substance in the exhaust gas intro- 
duced into said detection space; 

wherein the concentratiori of oxygen in so 
said detection space is regulated so as to be 
included within a predetermined range through 
control of charge or discharge of oxygen into or 
from said detection space by means of said 
oxygen sensor on the basis of the concentra- ss 
tion of oxygen in the exhaust gas. which is 
detected by said oxygen sensor. 

2. An exhaust gas sensor according to claim 1, 



wherein said semiconductor detection elemem is 
disposed on said oxygen sensor cell with an insula- 
tion layer interposed therebetween and at a loca- 
tion adjacent electrodes of said oxygen sensor cell. 

3. An exhaust gas sensor according to daim 1, 
wherein said semiconductor detection element is of 
such a sintered kind that is formed by printing a pre- 
determined element pattern on said oxygen sensor . 
cell which is previously sintered, by using starting 
material powder of said oxide semiconductor, and 
thereafter by secondarily sintering said printed pat- 
tern at a temperature lower than a sintering temper- 
ature of said oxygen sensor cell. 

4. An exhaust gas sensor according to claim 1, 
wherein said oxygen pump cell constitutes part of a 
pump celt unit having a coupling portion, said oxy- 
gen sensor cell constitutes part of an oxygen sen- 
sor cell having a coupling portion, and said both 
units are joined together with adhesive and with 
said coupling portions being coupled together. 

5. An exhaust gas sensor acccxding to claim 1, 
wherein said oxygen pump ceil unit jndudes, 

said oxygen pump cell formed irtto an elon- 
gated plate shape, 

a detection space forming member formed into 
a plate shape corresponding to that of said oxy* 
gen pump cell and formed with a window por- 
tion penetrating tiierethrough in the thickness 
direction for forming said detection space at 
one of longitudinally separated side portions, 
and 

a pair of coupling projections disposed on the 
side of said detection space forming member 
opposite to said oxygen pump cell and formed 
integral with and along opposite ends of said 
detection space forming member opposed 
widtiiwise thereof, and 
said sensor cell unit includes, 
said oxygen sensor cell in the form of an elon- 
gated plate narrower than said detection space 
forming member, and 

a base member formed wider than said oxygen 
sensor cell and placed on a side surface of said 
oxygen sensor cell opposite to said detection 
space forming member in such a manner as to 
have opposite end portions that protrude width- 
wise from said oxygen sensor cell, 
said protruded opposite end portions of said 
base member and said side surface of said 
oxygen sensor celt constituting a stepped sur- 
face, 

said pump cell unit and said sensor cell unit 
being placed one upon another and joined 
together to constitute an integral body, with 
said coupling projections of said pump cell unit 
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being coupled with said stepped surface, 
said coupling projections and said stepped sur- 
face constituting said coupling portions of said 
oxygen punp cell unit and said oxygen sensor 
cell, respectively. s 

6. An exhaust gas sensor according to claim 1, 
wherein at least one of electrodes of each of said 
oxygen punp cell and said oxygen sensor cell, 
which Is disposed so as to be associated with said jo 
detection space, is catalytically inactive in reaction 

of said detected substance in the exhaust gas and 
oxygen. 

7. An exhaust gas sensor according to claim 1, is 
wherein at least one of electrodes of each of said 
oxygen punp cell and said oxygen sensor cell, 
which is disposed so as to be associated with said 
detection space, is made, of a catalytically inactive 
material at least at a surfece portion thereof for con* so 
tact with the exhaust gas. 

8. An exhaust gas sensor according to claim 1, 
wherein at least one of electi'odes of each of said 
oxygen pump cell and said oxygen sensor cell, ss 
which is disposed so as to be associated with said 
detection space, is made of metal selected from the 
group consisting of Au base metal, Ag base metal, 
Pt-Au ally, Pt-Ni alloy, Ag-Pd alloy and Au-Pd alloy. 

30 

9. An exhaust gas sensor according to claim 1, 
wherein said detection substance is me^ane. 

10. A exhaust gas sensor system comprising: 

an exhaust gas sensor having an oxygen pump 
cell made of solid electrolyte having an oxygen 
ion conductivity, an oxygen sensor cell made of 
solid electrolyte having an oxygen ion conduc- 
tivity and disposed in oppositicvi to said pump 40 
cell so as to define therebetween a detection 
space, said oxygen pump cell being operative 
to charge or discharge oxygen into or from said 
detection space in response to a voltage 
applied thereto, said oxygen sensor cell being 45 
operative to detect the concentration of oxygen 
in exhaust gas on the basis of a concemration 
cell electromotive force resulting from ttie dif- 
ference in the concentration of oxygen between 
the exhaust gas introduced into said detection so 
space and a reference gas, and a semiconduc- 
tor detection element made of oxide semicon- 
ductor and disposed in said detection space for 
detecting a predetermined substance in the 
exhaust gas introduced into said detection 55 
space; and 

oxygen concentration control means for con- 
trolling the concentiBtion of oxygen in said 
detection space so as to be included within a 



predetermined range through control of charge 
or discharge of oxygen into or from said detec- 
tion space by means of said oxygen punp cell 
through variable control of a voltage to be 
applied to said oxygen pump cell on the t>asis 
of the concentration of oxygen in the exhaust 
gas, which is detected by said oxygen sensor 
cell. 

11. A method of producing an exhaust gas sensor 
including an oxygen pump cell made of solid elec- 
trolyte having an oxygen ion conductivity, an oxy- 
gen sensor cell made of solid electrolyte having an 
oxygen ion conductivity and disposed in opposition 
to said punp cell so as to define therebetween a 
detection space, said oxygen punp cell being oper- 
ative to charge or discharge oxygen into or from 
said detection space in response to a voltage 
applied thereto, said oxygen sensor cell being oper- 
ative to detect the concenti^tion of oxygen in 
exhaust gas on the basis of a concentration cell 
electromotive force resulting from the difference in 
the concenti^ation of oxygen between tiie exhaust 
gas introduced into said detection space and a ref- 
erence gas, and a semiconductor detection ele- 
ment made of oxide semiconductor and disposed in 
said detection space for detecting a predetermined 
detected substance in the exhaust gas introduced 
into said detection space, wherein ttie concentra- 
tion of oxygen in said detection space is regulated 
so as to be included within a predetermined range 
tiirough control of charge or discharge of oxygen 
into or from said detection space by means of said 
oxygen sensor on the basis of the concentration of 
oxygen in the exhaust gas, which Is detected by 
said oxygen sensor, tiie metiiod conrprising the 
steps of preparing a paste of starting matenal pow- 
der of said oxide semiconductor, printing a prede- 
termined element pattern on said oxygen sensor 
cell which is previously sintered, by using said 
paste, and secondarily sintering said printed pat- 
tern at a temperature lower than a sintering tenper- 
ature of said oxygen sensor cell. 

1 2. A method according to claim 1 1 , further comprising 
ttie steps of preparing an oxygen punp cell unit 
including said oxygen pump c^l, preparing an oxy- 
gen sensor celt including said oxygen sensor cell, 
forming coupling portions in said pump cell unit and 
said oxygen sensor cell, respectively, and joining 
said oxygen punp cell unit and said oxygen sensor 
cell unit witti adhesive and with said coupling por- 
tions being coupled together. 
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